Abstract. The stress paths to which specimens are subjected in triaxial tests together with the yield surfaces, which may be exercised in different models of such a test are simulated. A laboratory testing on undisturbed clay soil samples was performed in order to characterize the stress-strain behaviour of the residual soils in Sao Paulo sedimentary deposit. The sample is tested under isotropically consolidated drained triaxial compression. Strain controlled procedure was used to simulate stress-strain relationships of the soil. Seven models are used; namely: linear elastic, Duncan-Chang hyperbolic, Mohr-Coulomb, Cam clay, modified Cam clay, new Mohr-Coulomb and Cap model.
Introduction
A central part of setting up a numerical treatment for a physical problem is the description of the relations between quantities such as stress, strain, and time. These are called "Constitutive relations" [1] .
The stress-strain or constitutive relationship for a material depends on many factors, including the homogeneity, isotropy and continuity of the body material, its reaction to loading over a period of time and the rate and magnitude of loading. Under general environmental and loading conditions, such a relationship can be highly nonlinear, anisotropic and irreversible, and the difficulties involved in stress analysis can be virtually insuperable, even with the present development in computational techniques like the finite element method. If, however, the unit under load is large enough and the environmental and loading conditions are defined with certain limits, it is possible to assume that soils under load can be idealized and treated as linear elastic or nonlinear elastic, and perfectly plastic or work-hardening plastic materials for the purpose of stress and strain analysis, thus providing the necessary stress-strain relationship for the solution of an idealized soil mechanics problem [2] .
The finite element method is used here to simulate the stress-strain relationship during triaxial compression test on a clayey sample.
CAP Model:
DiMaggio and Sandler [3] proposed a generalized cap model. The yield function they used consists of a perfectly-plastic (failure) portion fitted to a strain-hardening elliptical cap. Associated flow rule was employed for the failure and cap functions. In this model, the functional forms for both the perfectly-plastic and the strain-hardening portions may be quite general and would allow for the fitting of a wide range of material properties.
The movement of the cap is controlled by the increase or decrease in the plastic volumetric strain. Strain-hardening in this model can therefore be reversed. It is the mechanism that leads to an effective control of dilatancy, which can be kept quite small (effective zero) as required for many soils.
Application
The soil of this application is selected from the work of Parreira [4] . A comprehensive laboratory testing program on undisturbed clay soil samples was performed in order to characterize the stressstrain behaviour of the residual soils in Sao Paulo sedimentary deposit [4] . The sample used in this application is tested under isotropically consolidated drained triaxial compression. It is residual red clay sampled at depth 6.5 m. The test was performed using a strain controlled triaxial cell loading device. The results of the laboratory tests are shown in Table 1 . In this application seven models are used; namely: linear elastic, Duncan-Chang hyperbolic, MohrCoulomb, Cam clay, modified Cam clay, new Mohr-Coulomb and Cap model. The finite element program SAGE-CRISP is used in this work. The mesh in Fig. 1 which consists of eight-node isoparametric quadrilateral elements was used to model the soil sample in the triaxial test.
Results:
Strain controlled procedure was used to simulate stress-strain relationships of the soil. Increments of strain were applied in the program through 40-75 steps for different models and within 20 minutes. Figs. 2, 3 and 4 show the relations between the axial strain and deviatoric stress at different confining pressures, σ 3 . Figs. 5, 6 and 7 show the relation between the volumetric strain and the axial strain for different values of σ 3 .
It can be concluded from Figs. 2, 3 and 4 that the results of Cam clay and Duncan Chang models are the closest to the experimental data under low confining pressures; 49 and 98 kPa. Both models exhibit parabolic stress-strain relationships while the linear elastic model results are far away from experimental ones especially at large stress levels. At high confining pressure; 196 kPa, the modified Cam clay best correlates the stress and strain.
The results of Cap87 model are close to those of Duncan Chang hyperbolic model and always below the experimental results. Fig. 5 shows that Duncan-Chang model is the best model to simulate the strain behaviour of the soil at low confining pressure of 49 kPa, while Figs. 6 and 7 show that at higher confining pressure of 98 kPa and 196 kPa, the Cam-Clay model will be the better choice.
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Conclusions
(1)The results of Cam clay and Duncan Chang models are the closest to the experimental data under low confining pressures; 49 and 98 kPa. Both models exhibit parabolic stress-strain relationships while the linear elastic model results are far away from experimental ones especially at large stress levels. At high confining pressure; 196 kPa, the modified Cam clay best correlates the stress and strain.
(2)The results of Cap87 model are close to those of Duncan Chang hyperbolic model and always below the experimental results.
(3)Duncan-Chang model is the best model to simulate the strain behaviour of the soil at low confining pressure of 49 kPa, while at higher confining pressure of 98 kPa and 196 kPa, the CamClay model will be the better choice.
